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The invention relates a process for 
recovery of a p-laccax antitiocic from a mixture 
substantially ccntaining p-lactam antibiotic and D- 
phenyl glycine (FG) in solution , with the mixture being 
brought to a pH between 3 and 3 at a concentration such 
that FG remains in solution, the solid 3" lactam 
antibiotic obtained being recovered and the remaining 
liq^aid being subjected to a concentration step in which 
^ S'.urry v.'ith solid 2 lactam ciULibiotic ana solid FG 
develops, the slurry is brought to a pH at which the p- 
lactam antibiotic dissolves, FG is separated as a solid 
and the p-lactam antibiotic present in the mother 
liquor is at least partially utilized. 

In general, in the preparation of p-lactam 
antibiotics involving the acylation of a p-lactam. 
nucleus with a D-phenyl glycine derivative, the D- 
lactam antibiotic is difficult to recover and the 
reaction mixture is difficult to work up. Working up 
often involves substantial losses of valuable 
components, in particular the p-lactam antibiotic, 
partly in the form of solubility losses and partly 
because cf degradation as a result of the limited 
stability of p-lactam antibiotics. 

The invention provides a new concept for 
recovery of p-lactam antibiotics whereby, m a simple 
process that can be applied on an industrial scale, the 
losses of p-lactam antibiotics are strongly reduced and 
also valuable D-phenyl glycine is recovered. 
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during the acylaricn reactiicn cf the laccarri 
"ucleus with a suitable acylaticn agent, in particular 
an e n z v-^a ci c a cy 1 a 1 1 c n reaction v 1 1 h for exanp 1 e an 
a^iide cf D- phenyl glycine, for example D- phenyl glycine 
axide (FGA) cr an ester cf D -phenyl glycine, for 
example the methyl ester cf D-phenyl glycine (FGMl , the 
acylaticn agent hydrclyzes with the p-lactam anoibiotic 
tc form C- phenyl glycine (FG) . 

The mixtures obtained after an acylation 
reaction may contain, besides the p-lactam antibiotic 
and FG, for example as -yet unconverted p-lactam. nucleus 
and/or acylation agent, for example FGA or FGM . It has 
been found that the px<=ir"- compositions of tht; :nixtures 
that may be applied in the process according to the 
invention are net particularly critical. Mixtures that 
may suitably be applied in the process according to the 
invention are preferably mixtures containing 10-1500 
mM, in particular 5 C -100 0 m^M p- lactam antibiotic; 0- 
1500 mM, in particular 0 -1000 mM FG , 0 - 1000 tt\M , in 
particular 0-200 mM p-lactam nucleus and 0-1000, in 
particular 0-400 mM D-phenyl glycine derivative . 

If necessary, a mixture containing 3-lactam 
antibiotic and FG is brought to such concentration and 
pH that all components, in particular the ccnr.ponents 
mentioned, optionally without the p-lactam antibiotic, 
are dissolved. Tc that end, the pH miay be chosen to be 
either high, tor example between 6,5 and 11, preferably 
between 7 and S.5, cr low, for example between 0 and 3, 
in particular between C. 3 and 2. When the process is to 
be carried out on a large scale, a more or less 
continuous working -up process is preferably opted for. 
A continuous dissolving process allows a shorter 
residence time at relatively high or lew pH. If 
desired, any solid ccm.pcnents still present can be 
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2G 


separated out by for example filtration or 
ultrafiltratior.. 

According to the invention, the fixture, 
which r.ay still contain solid ^-lactai:^ antibiotic, ic 
first brought to a pH between 3 and 8, preferablv 
between 4 and 7, with measures being taken, for example 
adding water, to ensure that the concentration of the 
reactants, in particular FG, is such that the 
reactants, with the exception of the (3-lactam 
antibiotic, remain in solution, whether supersaturated 
or not. Preferably, the concentration is so chosen that 
the is supersaturated m the solution after the 
solution has been brought to a pH between 3 and a. The 
ttmperatuit. X5 noc particularly critical and is between 
for example -5 and 45°C, in particular between o and 
25°C. If the FG concentration in the mixture is 
relatively high, a temperature preferably between o and 
10°C is maintained. This is because it has surprisingly 
been found that FG can be heavily supersaturated under 
these condition, without FG precipitating. This enabled 
relatively high concentrations to be maintained, so 
that a smaller volume is required and less 3-lactam 
antibiotic remains in solution. Consequently, the p- 
lactam antibiotic substantially precipitates as a solid 
whereupon it can be recovered. 

It has been found, however, that the amount 
of 3-lactam antibiotic present m the mother 
after recovery of the solid p-lactam antibiotic 
is relatively high. The applicant has now found a 
method enabling this liquor to be worked up further and 
enabling the yield of p-lactam antibiotic to be 
increased further. According to the invention, the 
liquid is subjected to concentration. To prevent 
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degradation cf the P-lactam antibiotic and 
di 5 cc Ic ur a t icn cf the p-lactaT. antibiotic and the FG 
cr^/stals , a relatively low t err.cer ature sho^j.ld be chosen 
and the concentration step should last a relatively 
short period whilst on the ether hand a relatively high 
temperature and a relatively long, gradual 
concentration procedure should be chosen for obtaining 
a not -too-viscous slurry and large FG crystals that can 
readily be separated. Surprisingly, it has been found 
possible to conduct a concentration step under such 
conditions that degradation cf the p-lactam antibiotic 
IS drastically reduced and yet the FG crystals are 
relatively larqe and ^an readily be separated. 

The teoiperature at which the concentration 
is effected may be between for example 10 and 80°C, 
preferably between 20 and 60^C, in particular between 25 
and 55''C. The duration of the concentration is between 
for example 10 ruin, and 2 4 hours, preferably between 
0.5 and 10 hours, m particular between 1 and 5 hours. 
The temperature at which the concentration is effected 
and the duration of the concentration are so chosen 
that, as a rule, a relatively shorter duration is 
chosen in combination with a higher temperature, and 
conversely . 

Concentration may be effected by for 
example evaporation at reduced pressure or bv 
nano f i 1 t rat ion . Fvaporatxcn may be effected in for 
example a thin-film evaporator. It has been found that 
the wall IS easy to }ceep clean and that little 
degradation cf the p-lactam antibiotic took place. 
Also, it has been found that FG crystals cf better 
quality are obtained when evaporation is carried out 
gradually by for example passing the liq^uid suspension 
to be evaporated through the evaporatcr at a high flow 
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rate, ir. which process the ccoiposit icn. cf the iiquih 
changes gradually. A second possible erricd iTient cf the 
ccnc ent r at :Lcn is an evaporator - crystal 1 iz er , for 
exaxple a b^ypass evaporator or a number of cascaded 
5 bv-pass evaporators. 

It has been found that concentration can 
also be very well effected by means of nanof il trat ion . 
Surprisingly, iz has been found that the flux through 
the membrane remains relatively high even though 
10 crystallization occurs during nanof i 1 trat ion . Membranes 
that may suitably be applied in concentration through 
nano f i 1 trat ion are for example SeIRO K.PT-IC (Membrane 
Products Kiryat Weizmann} , v;fN050 5 {Stork Fries land; 
ana Nanomax-50 (Millipore) . 
15 The concentration factor, i.e. the volume 

ratio before and after concentration, may varv' between 
wide limits and preferably is between 1 and 3C, in 
particular between 3 and 20, The higher the 
concentration factor, the higher the efficiency will 
23 be. Preferably, the concentration factor is chosen so 
that salts developing throughout the process remain 
dissolved. Those skilled in the art can readily 
determine the optimum concentration factor m their 
particular case. 
2 5 The slurry obtained after the concent rao icn 

step preferably is first subjected to separation into a 
clear liquid stream and a concentrated slurry or into a 
clear liquid stream and a solid. Separation may be 
effected with any separation apparatus, for example a 
3C centrifuge or a filter. Since the solids need no^:: 

necessarily be separated as solids, it is preferred for 
a decanter to be used. The clear liq^iid stream* may for 
example be discharged; this affords a simple m.anner of 
preventing degradation products and salts from building 
3E up. Since this discharge stream is relatively small, 
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cnly little S -lactam antibiotic is lest with it because 
of sclubility losses . 

During concentration, both ?G and [3-lactam 
antibiotic are formed as a solid. It has been found 
5 that the solid FG formed in the concentration step can 
readily be filtered. In ccnseq^uence , due in part to the 
fact that the concentration of 3^ i^ct am antibiotic now 
is r e 1 a t ively low , it was now f ound to be possible to 
recover FG by bringing the slurr\' to a pK at which the 

10 (3 - lactam antibiotic dissolves and FG does net, for 

example a pH between 6.5 and 11, preferably between 7 
and 9.5,, or between 0 and 3, preferably between C,3 and 
2 , and next separating FG as a solid by for example 
filtration or centrif uging . Since the solid can now be 

15 separated rapidly , the separation process involves 
relatively little degradation of the P-lactam 
antibiotic in spite of the high, or low, pH . If 
desired, the filtrate can subsequently be returned to 
the process or reused other-wise. 

20 The (3-lactam antibiotic in the 

aforementioned filtrate can be recovered by for example 
crystallization via a pH shift. Another possibility is 
to return the filtrate as such to the mixture 
containing dissolved p-lactam antibiotic and FG . 

25 The process according tc the invention can 

^ ^ 2 ^^^^^^^ ^^^c y, ^ ^ ^ <x^ c:. ^ p - ^ dt.^ L- dill 

antibiotics as have a phenyl glycine side chain, for 
example cephalexin, <=imp i c i 1 1 in , cephaclcr, 
pivampicillin , becampicillm, talampicillin and 
3 0 cef alcglycine . 

Any p- lactam nucleus can in principle be 
used, in particular a 3'^^ctam nucleus with the general 
formula (l) 
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where Ro represents K cr an alkoxrv' group naving 1-3 C 
atorr.s;^Y represents CH^ , C, S or an cxidizec forrm of 
sulphur; and]]ll2 represents 


15 



where Ri represents for example H, OH, halogen, an 

2C alkoxy group having 1-5 C atoms, an alkyl group having 
1-5 C atoms, a cyoloalkyl group having 4-8 C atoms, an 
aryl cr a heteroaryl group having 6-10 C atoms in which 
the groups may cr may net be substituted with for 
example an alkyl , an aryl, a carboxy cr an alkox^^ group 

25 having 1-8 C atoms; and where the carbcx^/lic acid group 
may be an ester group if so desired. 

Suitable examples of p- lactam nuclei that 
may be employed in the process according to the 
invention are penicillin derivatives, for example 6- 

3C aminopenicillanic acid (6-APA) and cephalosporani c acid 
der :Lvat :Lve3 , lor example a 7 - aminocephalospcr an:LC acid 
with cr without a substituent at the 3 -site, for 
example - aminoc ephalosporanic acxd ("-ACA) , - 
ammode sacet oxycephalosporani c acid {7-AECA) and 7- 

3 5 anrtino - 3 - chlcrc - ce f - 3 - em- 4 - carboxyl ic acid (7-ACCA} . 

In principle, any enzyme that is suitable 
as a catalyst m the coupling reaction can be used as 
the enzyme. Such enz\Tues include the enz\'mes 
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collectively referred to as penicxlUr. amidase 
pen.c.ll.n acylase. Such enz:^es are described 
example ..G. Shewale et al . , Process E.oc.e..sn>-^. 
Augus. 198S, pp. X46-134 aud an J.G. Shewale all 
= Process Biochemistr:. Interna- onal, June 199c go 97 
X03. Exanples of suitable enzy.es are enzy.es deprived 
from Aceio^a^lLax, in particular A^si^ha^ 
2^2^^i^r^^, Aemri^, AXs^^^a^, .npartic-ar 

10 particular B^^iliii^.niS3^t^ , C.ph.] n.^ariuin, 
£5Chg r-rhl?,, in particular Ssrh^^^n^j,^ ^-.n . 
£, Uv,b,r.P-vn , Zus^^, ,n particular Fusar^nm 

gXYSBPnm and Pusar-iMm ^olani • 

M r w V i q< i I fi , 

^^ CtarP' . n rhar-^, in particular Prot^iv. 

15 X^iia^, Zsgudomo^ ^c, and Xanthn,.nn.. in particular 

Preferably an immobilized enzyme is used 
since the enzyme can be easily isolated and re-used ' 
then. A suitable immobilization technology is described 
-or instance in EP-A-222462. Another suitable 
technology consists in immobilizing the Penicillin G 
acylase on a carrier which contains a gelatine agent 
for instance gelatin, and a polymer with free amino ' 
groups, for instance alginate amine, chitosan or 
polyethylene imine . In addition, enzymes may also be 
utilized as a crystalline substance (CLEC's^"). 

Particularly suitable enzr-r.es amcng the 

immobilized enz'/mp^^ t-na- 

enzymes tna. are ccm.mercially available are 

the ^scr.e'i^--<^ i , enzyme from Boehringer Mannheim 

GruhH, Which is commercially available under the name 
Hnzygel©, the immobilized Penicillin-G acylase from 
Recordati and the imm.cbilized Penicillm-G acvlase frorr 
Pharma Biotechnology Hannover. 

in the (enzymatic) acylation reaction, the 
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acylaricn agent n-.ay be for instance a D- phenyl glycine 
in activa-:ed rem, preferably a ^ primary, secondary cr 
tertiari/; arr.ide cr salt thsrecf, cr a Icwer alkyl ; i - 
4C) ester, for instance a methyl ester. 

The temperature at which the enzymatic 
acylaticn reaction is effected usually is below 40''C, 
preferably between -5 and 3 5°C. The pH at which the 
en2%T:iatic acylaticn reaction is effected usually is 
between 5.5 and 9.5, preferably between 6.0 and 9.0. 

The reaction preferably is stopped almost 
completely when maximum conversion has virtually been 
achieved. A suitable embcdiment for stopping the 
reaction is to lower the pH. prp f f*r-;^.bly to a value 
between 4.0 and 6.3, in particular between 4.5 and 5.7. 
Another suitable embodiment is to lower the temperature 
of the reaction mixture on attaining the maximum 
conversion- A combination of the two emiDodiment s is 
possible also. 

Once the reaction has been stopped on 
attaining the maximum conversion, the reaction mixture 
usually is present in the form of a suspension 
comprising a plurality cf solids, for example the 
antibiotic, D-phenyl glycine and, possibly, immobilized 
enz^jrr.B . The immobilized enzyme preferably is recovered 
in the interest of process economics. This can suitably 
be accomplished by for example filtering the reaction 
mixture on a sieve, while stirring, the stirrer's 
direction of rotation being chosen so that the 
suspension is pumped upwards at the centre of the 
stirrer. Subsequent!;/, valuable components such as the 
antibiotic and FG can be recovered by the process 
according tc the invention, with the solid ccmipcnents, 
possibly apart from solid antibiotic, being dissolved 
first, by means of fcr example a pH shift. 
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The pH niay be lowered in several wavs m 
--he fraxewcrk cf the inventior., fcr ir.star.ce by' addinc 
ar. acid zhe xixcure . Suitable acids are fcr exar.pll 
:?aneral acids, in particular sulphuric acid, 
hydrochloric acid or nitric acid. Preferably,' 
hydrochloric acid is used. The pK can be raised bv fo^ 
example adding a base to the mixture. Suitable bases 
are for example inorganic bases, m particular ammonium 
hydroxide, potassium hydroxide or sodium hydroxide. 
Preferably, ammonium hydroxide is used. 

In practice, the enzymatic acylation 
reaction and the working-up cf the reaction mixture are 

usually effecrpri in -.7=.^=^ - « j . _ .■ 

- — . v^=aj.j.eu, cne reaction 

mixture may also contain an organic solvent or a 
mixture of organic solvents, preferably less than 30 
vol.%. Examples of suitable organic solvents that can 
be used are alcohols having 1-7 c atoms, for example a 
mcnoalcohol, in particular methanol or ethanol; a diol, 
in particular ethylene glycol, or a triol, in 
particular glycerol . 

The process according to the invention is 
particularly suited for being used in working up the 
reaction mixture obtained after the enzymatic acvlation 
reaction in which 6-APA is acylated with an amide of d- 
phenyl glycine, for example F3A, or an ester of C- 
phenyl glycine, for example FGM. 

In a preferred errbodiment of the process, 
measures are taken to ensure that the concentration of 
dissolved 6-APA in the reaction mixture is kept 
relatively lew so that a higher conversion can be 
achieved than when the concentration cf dissolved fi-APA 
IS chosen to be as high as possible. 

Moreover, it has been fo-und that the stirrabUity of 
the reaction mixture is significantly higher when the 
concentration cf dissolved s-apa is kept low. 
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In the present ccntext , 'conversion' refers 
to the Tiolar ratio of the ampioillm formed and the 
anount cf 5-A?A used. The concentration of dissclved £- 
APA IS expressed as the arr.o^jjnt cf 6-APA in moles per kg 
5 of the reaction rr.ixture ; the total concentration, 

dissolved and undissolved, of 5 -APA is expressed as the 
amount of S-APA plus ampicillin in moles per kg of the 
total reaction mixture; the total reaction mixture may 
contain, besides the solution, a number of solids, for 
IC example 6-APA, am.picillin, phenyl glycine and 
immobilized enzyme. 

The molar ratio ot acylaticn agent and 6- 
APA, I.e. the total amount of phenyl glycine derivative 
added, divided by the total amount cf 6-APA added, 
15 expressed in moles, is preferably less than 2.5. It is 
preferred for the molar ratio to be between 1.0 and 
2.0, in particular between 1,2 and 1.8. 

The enzymatic acylation reaction is 
preferably carried out as a batch process. If desired, 
20 the reaction can also be carried out continuously, with 
in-line ccntrol of the concentration of dissolved 6- 
APA. 

The total concentration of 6-ArA plus 
ampicillin (in dissolved and undissolved form.) in the 
25 reaction mixture preferably is chosen to be higher than 
2 5C TTJ^I, m.ore preferably higher than 300 uTuM , in 
particular higher than 35 0 m^l . 

In this preferred emb)odiment , because of 
the increased instability of 6-APA at higher 
3: concentrations or dissolved 5 -APA, the concentration of 
dissolved 5 -APA during the preparation of ampicillin is 
preferably kept below 300 m-M , m particular below 250 
miM . At a higher concentration of the acylaticn agent, 
the ccncent r at icn of dissolved 6-APA may optionally 
3 5 chosen to be higher than at a lower concentration. This 
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because the rate of re = c-io-. - . v- ■ u 
c-r-e-~^=^ c.ior. _s higher at highe- 

dissolved in ' is 

- — gh -cncencratior. for cn'- , 
snort reriod. " ^ relatively 


35 


i'he ccncentratic" c id, ^. 
reaction mixtu-^ -an h ■ " ^^^^olved in the 

S-At'A lov is to -^^..TT . dissolved 
to^al a.our.t 7:;^^ ^'^'^ ^ 

0 during ^he re.\ ^^1 — 

^ng .he reaction. A drawback of this is th.t ■ u 
case 6-APA needs to be metered . . 
presents nrac-i. i '"'"^^ ^hi=n 

prac.ioal problems. Therefore ^ t - , n~ - 
a batch process for ^he -ct,^ Prererred 

supplied at the sta-t of ^v. ^ 
^aua^t: of the reaction. 

during the en...atic ac.lation rea ti'on t^'^"' 

::::::::\rt:^ ^-^^^ ---- 

increase. Ts"t.:r"^^^^^^^^ '^'^'''^^ 

A suitable method of achieving a low 

concentration of dissolved s-apa is ^or 

PH at a lower value t^an 1^ , " . ''^'""'^ ^° "^^^-^ 
solubility o- th= "^^^i^^rn 

1^/ the reactants is achieved ^a-t.' i . 
--table method of ,eepin. the d< ssol^-^d ' ^'^'^'^'''^ 

concentration low is fc>- Ixanm ° 
r^^^ example to ensure ^har 

oncentration of the phenyl glycine derivat-"- . , 
for example by metering m the nhenyl /^'^^ 
derivative Partly in t^^e ^n- - ' ^-/^ine 

/ t..e course o: the reaction 

^^■''-^ context, it has beer , 
^ne concentration of the cherv^ ^ " 

Xept low, omv , : " derivative is 

H>-so^...-. - ^= dissolved so that 

— s_..cd °-APA concentrate-^ >, 

mets-^-a fh^ r^u . ^ " controlled bv 

- F^^^>'i glycine derivative. 

oK^ • ^ particularly suitable emiodiment - 

O'Dtained w^^n r-^ _s 

<...en FoA is added in the form of ore o>- - 
-alts, preferably the salt of a-^. ■ 

for example FGA.hcI, .ga x/-.r ' 

•'-A.i/..-.^^0, and FGA.HNC, . m this 
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rr.anner it: is possible tic readily ensure cptinium 
metering of the FGA ty keeping the pH constant. 
Preferably, F3A.1/2H2304 is used inasmuch as this salt 
possesses ext:remely high sol'-ibility . 

In the framework of the present 
invention the various components may be present in the 
reaction mixture in the free form or as salts . The pH 
values mentioned are in all cases the pH values 
measured at room temperature. 

The invention will be further elucidated by 
means of the following examples, without however being 
restricted thereto. 

7V^^-vViqtiv;;;5 ; 

AMPI = ampicillin 

AMPI.3K2O = ampicillin trihydrate 
6-APA = 6 -amino-penicillanic acid 
FGA - D-phenyl glycine amide 
FG = D-phenyl glycine 

FGHH = D-p-hydrox\'phenyl glycine methyl ester 

Assemblase*^ is an immobilized Escherichia 
coll penicillin acylase from E. coli ATCC 1135 as 
described in WO -A- 9 7 / 04 0 8 6 , The immobilization is 
5 effected as set cut in SP-A-222462, with gelatin and 
chitosan being used as gelating agents and 
glut araldehyde as crosslinkiing agent. 

The ultimate activity of the Escherichia 
coli penicillin acylase is determined by the am.ount of 
C enzvT.e added to the activated spherules and amounted tc 
3 ASU/g of dry weight, 1 ASU (Amoxicillin Synthesis 
Unit) being defined as the amount of enzym^e capable of 
producing 1 g of Amcxic ill m . 3H2O from 6-APA and FGHM 
per hour (at 20°C; 5.5V 6-APA and G . 5k FGHM) . 
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. <^L.on or r^^.i,H2SC, solution 
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e^o o . " " -^"^ '^-^^ we.e suspended 

- -3of wacer at T = s»C. .o...,of se-. h.SO, 
-■00 mole) were added drop-wise in . hour wh.le 
3tirrxng, with the temperature being ,ept at T < ,.=c bv 
neans ct cooling. " ^ 


with 

20 


Example. J J 
Enzymatic synthesis of ampicillin 

An enzyme reactor (i s i ^-i,,„ ^ 

^ 1-^-5 1, diameter li cm), 

^ittec with a 17- r.„„u _.• . 

300 a of . ^ ^ ^"^^ ^^^^^-^ ^ith 

IS the ' " — ^lase" (the ter. net-wet refers 

to the .ass Of the enzyme obtained on separating the 

en.y.e^,ro. an enzyme slurry with the aid of a glass 

A preparation reactor (1.2 1) was f-'lled 
131.6 g Of 5-APA (o.SOO mole), 3O.2 g of FGA 
((0.200 mole) and 400 ml of water (T . xo=C) This 
..xture was starred for IS minutes at T . xo^c and then 
-tt = c transferred into the enzyme reactor with the 
aid of 100 ml of water (t = io»c) . 

. stirrer in the enzyme reactor was 

2= switched on at 

0. The temperature was .epc at io=C all the time 

a constant rate over a period of 23 3 minutes The oH 
was Kept constant at acc-ox « . • . • • The prf 

H . a--P'3X. 6.3 ny titration with 6N 

aid V, ^ ~~ "''"'^^ ^-^ was maximum 

and the pH was reduced to 5 3 h.. .hh- 

-° 5.3 by adding 6N K,SO,. The 
e.-zyme reactor now contained: 
2 75 mmoie AMP I 
-5 mmole S-APA 
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5 0 mraole FGA 
3 65 mmole FG 

Example 777 

separation cf A>tPI/FG slurry from enz>.r.e reactor 

The AX.Pi/FG slurry prepared as described in 
Example 11 was removed from the enzv^e reactor v.a the 

sieve bottom by means of stirr-d fMt-a-^^n th • 

-x-^^^ L^±z^a^icn. This was 

aone using a pitched-blade stirrer, which was 
positioned at 0.5 cm over the sieve. Stirring was i-. 
upward direction at approx. 500 rpm. The reactor was 
flushed with 10 portions of 250 ml of water (T = io=C) 
The wash waters, too, were removed via the sieve botton 
by means of stirred filtration. 

The AMPI/FG slurry and all was waters 
separated from the reactor were combined (T = io=c; The 
resulting AMPI/FG slurry so obtained contained . 99.8V 
of the total amount of AMPI produced in the enzyme 
reactor and > 99.5% of the total amount of FG produced. 

After this stirred filtration, > 99 5% o-" 
the Assemblase- was present in the enzyme reactor. 

Hxamplft tt; 

Concentration of the amFicillin mother licuor bv 
evaporation w.th the aid of a thin-fUm evaporator 

A mother liquor from an AMPI 
crystallization step (amount: S798 c, T = 5=c rF - ^ 
contained O.C6% ;i7 mmole, 6-APA, 0^10% ,45 mmoTel^FGA ' 
0.53% (134 mmole) AMPI and 0.96% (430 rr^ole) FG. 

This mother liq-jcr was concentrated 
evaporation with the aid of a thin-film evaporato^ ^he 
feed to the thin-film evaporator was supplied from a 
storage vessel, and the product from the thin-f-m 
evaporator was returned to the same storaoe vesse' The 
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Storage vessel was stirred. 

The vail t emperatur s of the thin-fil:n 
evapcratcr was adjusted tc i = 6 5^C and the pressure in 
the thir.-filx evaporator was adjusted to P = ao rriDar. 

Circulation was started at t = 0 (storage 
vessel =:> thin film evapcratcr ^ storage vessel; flow = 
41.6 kg/hour) . 

The teT.perature of the liquid in the 
storage vessel was rr.aintamed at T = 

Evaporation was stopped at t = 257 minutes. 
A total of 5655 g of condensate had been collected by 
then. The contents of the thin- film evaporator and the 
storage vessel were r-i--ulated for anucher 2 hours 
while the temperature was lowered linearly from T = 4 0°C 
to T = 3°C. Thereafter, the concentrate (1084 g) was 
drained. The thin- film evaporator and the storage 
vessel were flushed first with 250 ml and next with 
2000 ml of water {T = 10°C) . The condensate and the 1st 
wash water were combined. The 2nd wash water contained 
negligible amcur.ts of AMPI and FG . 

gxamtle V 

Return of concentrated ampicillin mother liquor to the 
ampicillin process as recycle; separation of FG . 

The combined concentrate + 1st wash water 
{Example XV) was filtered cn a glass filter (diameter 
10 cm, filtration txme 10 minutes) . The solid product 
was rewashed with 25 ml of water (T = S^'C) . Yield: 210 g 
of AMPl/FG wet cake. The m.other liq-^or (11S5 g) was 
dis charged . 

The A>!rI/FG wet cake was quantitatively 
transferred to a stirred reactor with the aid of 430 g 
of water. The slurry was stirred for 1 hour at T = 5°C. 
Subsequently, 3 3.0 g of 6N HCl were added in 4 m.inutes 
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at T X 5^C. After stirring for another 5 minutes, the 
slurry was filtered on a glass filter 'diameter 13 cn, 
filtration tirr.e 5 minutes; . The FG wet cake was washed 
with 120 ml cf water (T = 5^C) and dried. Yield 3 6 . 7 g 
5 of FG. The mother lig^uor and the wash w^ater were 

combined {T = 3 = C) and after 2 minutes added to the acid 
solution of Example VI [for 3C minutes). 

ExamTnlf^ VT 

10 Recrystallization cf ampicillin, including recycle of 
the concentrated ampicillin mother liquor 

Recrystallization was effected in a rig 

consistinc. in t'^?^ n^Ho- = ^^^^.^^ „^ ^ 

— - --^-.^w-vj., d :d uLJi. ci<^ t: vessel 

(4 1), a dissclving vessel (0.25 1), a filter fitted 
15 with a Seitz filter plate, and a crystallization vessel 
(7 1) . All vessels were provided with a stirrer, a pK 
electrode and a thermometer. 

200 ml of water (T = 5°C) containing 5.0 g 
of AMPI,3H:0 as nucleus were added to the 

crystallization vessel. The pH was brought to pK = 7 by 
means cf 2N NaOH solution. 

The A>!?I/FG slurry which had been isolated 
as described in Example III was q^aant itat ively 
transferred to the storage vessel and cooled to T . 2°C 
while being stirred. After rhe entire loop had been 
brought T = 2°C. the dissolving vessel was filled from 
the storage vessel. 

At t = 0 the pH in the dissolving vessel was adjusted 
to pH = 1.1 with the aid cf hcI , whereupon the pH 
was maintained at 1 . i (titration with the aid cf 
KCl). Next the contents of the storage vessel were 
added to the dissclving vessel m 1 hour while the 
contents of the dissolving vessel were metered into the 
crystallization vessel, the level m the dissolvma 
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vessel being kep- ccnstant . The nemperature i- the 
crystallizat icn vessel was maimaineci T = S'^Z . The pH 

this vessel was rr.aintained at pK = 7 . 3 by titratinc 
with 2N MaOH soluticn. Alsc , the ccnU^ined rr.cther liquor 
5 and wash water, which had been prepared as described in 
Example V, were added to the dissolving vessel at a 
constant rate from t = 15 minutes to t = 45 minutes. 

At t = SO minutes the storage vessel was 
empty and a total of 300 ml of 6N HCl solution had been 

13 added to the dissolving vessel. The storage vessel was 
flushed to the dissolving vessel with 450 g of water (T 
= S^'C) . Titration with 6N ECl was stopped. The 
dissolving vessel was flushed to the crystallization 
vessel with SO g of water {T = 5°C) . The pH in the 

15 crystallization vessel was reduced to 6 , 0 with the aid 
of 6N KCl. After stirring for 1 hour, the slurry in the 
crystallization vessel was filtered on a glass filter 
and the wet cake was washed with 2 x 175 ml of water (T 
= 5^C} and dried. Yield: 

2 0 227 g of AMPI.3H2O (incl. nuclei), so 

222 g of AMPI.3H2O {excl. nuclei), that is, 
92% AM?I.3H,0 relative to 530 mmoles cf 6-APA. 
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1. Process ror reccvery of a 3-laccam amifcictic from 
a mixture containing the p-lactam antibiotic and 

5 D-phenyl glycine (FG) xn sclutrcn, with the 

rarxture being brought to a pH between 3 and 8 at a 
concentration such that FG remains in solution, 
the solid p-lactam antibiotic obtained being 
recovered and the remaining liq^iid being subjected 

IQ to a concentration step in which a slurry with 

solid P-lactam antibiotic and solid FG develops, 
the slurry is brought to a pH at which the p- 
lactam antibiotic di ^^c Ives , FG is ;Dticarated as a 
solid and the (3-lactam antibiotic present in the 

15 mother liquor is at least partially utilized. 

2. Process according to Claim 1, in which the 
concentration of the mixture is chosen so that the 
FG is supersaturated in the solution after the 
mixture has been brought to a pH between 3 and 3. 

^" 3. Process according to Claim 1 or 2 , in which the p- 
lactam antibiotic present in the mother liquor is 
at least partially recovered. 

4. Process according to any one of Claims 1-3, in 
which the mother liquor is returned and ccmJoined 

2 5 with the mixture. 

5. Process according to any one of Claim.s 1-4, in 
which concentration is effected for 0.5-10 hours 
at a temperature between 2C and £C°C. 

6. Process according to Claim 5, in which 

-0 concentration is effected for 1-S hours at a 

temperature between 2 5 and SS'^C 

7. Process according to any one of Claim.s 1-5, in 
which concentration is effected in a thin-film. 
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evaporator . 

Process according == any one =f cia.^s i-- 
Which the ccncentra-.ion fac.cr durinc 
ccncencracicn is between 3 and 20 
Process according to any one of Claims i-e i. 
Which the slu..y is fi.st s^^.ected to sepa.a^.on 
in o a ixou.d strea. and a concentrated slurrv or 
solid. 

Process according to Claim s, ia which the 
separation .s effected in a decanter 
Process according to any one of Claims i-xo in 
Which the initial fixture, which substantially 
contains p-lactam antibictic and i^r, , originates 
from an enzymatic acylation reaction in whlcrthe 
corresponding p-iactam nucleus is acylated with a 
I3-phenyl glycine derivative. 
Process according to claim li, in which the 
mixture obtained after the acylation reaction is 
rirst subjected to a pH change to a pH between 6 s 
and 11 or a pH between 0 and 3 . 


13. Process according to claim 12 


. in which the 

:nixture is subi^cted rMi - 

i-j-c.ea .o a pH aecrease to a dH 

between o . 3 and 2 . 

14. Process according to any one of claims I-13 i. 
Which the mixture contains 10-1500 3-lactam 
antibiotic, 0-1500 TO, O-IOOO D-phenyl glvcine 

derivative and n - - n n n a . 

- ---^ ..jv; p- lactam nucleus 

15. Process according to any one of claims 

wnich the P-lactam nu-T^-s 

-i--..^s D -aminoDenicil' an- c 
acid io-APA) and the P-lactam antibiotic is 

ampicillin . 

1- process according to any one of claims 1-14 in 
wnich the P-lactam nucleus is 7- 

aminodesacetoxvcepha- c<?ro-;»r,.i - 

. ^Fna^csporanic acid (7-adcA) and 
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Che p-lactara ar.tiibiotic is cephalexin. 
Process acccrdj^r^g to any one of Claims 1-14, m 
which the [3 -lactam nucleus is 7 - arfvinc - 3 - chlcro - 
cef - 3 -em-4 -carbcxylic acid (7-ACCA] and the 
lactam antibiotic is cefaclor. 
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